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The Synthesis of Angucyclines using an 
Intramolecular Bradsher Cycloaddition
Abdullah Allaoa
Dr. Tony E. Nicolas 
NYC College of Technology (CUNY), Department of Chemistry
Abstract
The Angucyclines are natural products which possess a broad spectrum of biological properties. Of particular interest are the 
natural products which contain the cis-hydroxyl motif at the AB ring junction. Their synthesis is particularly challenging. Our 
model study has resulted in the synthesis of a model of the angucyclines with the required cis-hydroxyl features. The present 
work will apply the previously developed chemistry to an intramolecular version which will lead to the synthesis of the ABC ring 
system 
Background(i)
Angucyclines along with 
tetracyclines and anthracyclines are the 
third class of natural antibiotics 
featuring a carbotetracyclic
skeleton.1,2. Most synthetic efforts have 
been directed toward angucyclines with 
an aromatic B ring. Their structural 
diversity has provided organic chemists 
with attractive targets for the 
development of various synthetic 
methodologies. Angucyclines bearing two
Vineomycin A1 and Saquayamycin A both 
are angucyclines characteristic with cis-
oxygenation at the AB ring junction, with 
antitumor activity against Sarcoma 180 
solid tumor in mice, and remarkable 
activities against L-1210 and HT-29 
tumor cells, respectively.
Methods and results
The A and B rings of angucycline are prone 
to arrangement and aromatization under 
acidic, basic, and photo-irradiative 
conditions. This angular oxygenation at the 
AB ring junction requires mild conditions 
and poses a particular synthetic challenge.
We formulated two methods to synthesize 
the model of the ring junction, using first 
the intermolecular approach, and then 
moving to intramolecular Bradsher
cycloaddition that would give a us a fully 
functional oxygenated model system.
The Intermolecular approach(ii)
24-hour reflux Isoquinoline, 2-Iodoethanol, 
and acetonitrile. Recrystallization from 
methanol-acetonitrile yielded 2-
(hydroxyethyl)isoquinolinium iodide.
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Synthesis of 2-(hydroxyethyl)isoquinolinium
iodide 1H NMR (300 MHz, DMSO)
Coupling of Isoquinolinium salt and the enol
ether was done under nitrogen gas and 
refluxed for 96 hours, using isoquinolinium
salt (1 equiv) with Calcium Carbonate (2 
equiv), 2 ml of water and 1-Phenyl-1-
trimethylsiloxyethylene (10 equiv.) The 
nucleophilic attack of the enol ether 
started the reaction forming the first 
intermediate. Followed by enamine
nucleophilic attack to capture the 
carboncation forming the Imminium
intermediate, and the last step was the 
determining step that clearly showed us the 
syn addition of enol ether and our 
isoquinolinium salt..   
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This reaction is important no just because 
we formed a product through what it looks 
like an Diels-Alder reaction, but because 
we established the AB rings with cis
hydrogen and OTMS group, that’s promising 
for future work on angucyclines because we 
now are confident that we can synthesize 
the same model system however with two 
hydroxy groups via the same intermolecular 
approach.
Future work
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